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The present invention relates to a blade or airfoil and, 
more particularly, to a turbomachine blade or airfoil hav 
ing heat exchange means utilizing both a liquid and a 
gaseous cooling medium to cool respective areas of the 
airfoil in high temperature operating environments, 
As turbomachine design becomes more and more ad 

vanced, in the case of gas turbines, for example, the prob 
lems associated with increased operating temperatures be 
come more troublesome. For instance, gas «turbine en 
gines designed for- use in advanced jet-powered aircraft 
must be capable of withstanding the effects of higher inlet 
(ram air) temperatures, higher combustor performance 
and, specifically, higher turbine inlet temperatures. As is 
well known, it is conventional practice to design turbine 
blades or vanes ('airfoils) using stress-rupture and fatigue 
life factors based on stresses and temperatures expected 
to be encountered at the airfoil extremities. For a given 
turbine configuration, however, stress cannot be lowered 
significantly so life must be enhanced by reduction in the 
effect of operating temperatures. In advanced engines the 
blades or airfoils must usually be supplied with a cooling 
or heat exchange medium. Presently by far the majority 
of high temperature blades are convection cooled, by 
means of air passing over portions of the blade or, which 
is more typical, by air directed through holes or passages 
in the blade (airfoil) or in the blade walls, in the case of 
hollow blades. ’ 

Use of cooling air alone, however, in the manner de 
scribed above, is limited by reason of the fact that in ad 
vanced gas turbine engine applications the coefiicient'of 
heat transfer of the internal coolant-,air-'is at least 

. 30-50% lower 'than that of the'external'fluid-combus 
tible gas. In addition, realization of the maximum poten 
tial of the coolant requires an internal surface substan 
tially equal to the external surface, with the surfaces be-V 
ing separated by an extremely thin wall-a practical im 
possibility in gas turbine engine blade design. Further- v 
more, even if this perfection of design could be attained, 
the internal coolant would pick up so much heat from the 
base or root area of the hollow blade that the tip section 
temperatures would approach the melting point ofthe 
blade ma-terials commonly used in today’s advanced jet 
engines. 
The considerations discussed above have led to the con 

clusion that increased effectiveness of the cooling means 
and method must be accomplished. Cooling effectiveness 
may be algebraically defined as follows: 

where 

T g:temperature of the combustible gas 
T m:temperature of the blade material (metal) 
Tc=temperature of the cooling medium 
While an eñectiveness of .3 has been found to be ade 

quate for short life components or relatively low speed 
applications for high-Mach military aircraft or long life 
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2 
commercial usage, it has been determined that an effec 
tiveness of .6, or higher, must be attained. Such is be 
yond the known capabilities of even perfect utilization of 
cooling air by itself. In arriving at a solution to the prob 
lem of increased cooling effectiveness in advanced gas 
turbine engine components, in particular, turbine rotor 
blades and vanes, itfmust be kept in mind that the problem 
differs depending on which portion of the blade (airfoil) 
is being considered. That is, the leading and trailing edges 
of the blade are more difficult to cool because Vof their 
remoteness from the hollow center of the blade and their 
higher heat transfer coefficients. Thus, while the other 
portions of the blade may be cooled adequately by a oon 
ventional method, such as convection currents of air, the 
leading and trailing edges require higher effectiveness of 
the cooling medium. , 

Accordingly, a general object of the present invention 
is to provide a gas turbine rotor blade or vane (airfoil) 
having higher operating temperature capabilities through 
improved cooling effectiveness. , 
A more specific object of the present invention is to 

provide a gas turbine rotor blade or vane having higher 
operating temperature capabilitiesthrough use of a gas 
eous (convection) coolant and a liquid (conduction) cool 
ant in combination to improve overall cooling effective# 
ness. 

In carrying out these, and other objects of my inven 
tion, one embodiment comprises a turbine rotor blade or 
airfoil having a plurality of 'longitudinally extending pas 
sages drilled, or otherwise formed, in the main or body 
por-tion of the airfoil, two of which are provided, respec 
tively, in the leading and trailing edges of the airfoil. 
Heat exchange or condenser means are provided‘in >a 
cavity in the root .or base portion of the blade including 
a pair of tubes connected to the leading and trailing edge 
passages, respectively, the tubes being filled with an alka~ 
line metal to be utilized as a liquid coolant in combina 
tion with a gaseous coolant introduced into the cavity, the 
gas passing over the tubes and through 4the blades passages 
connected to the cavity. ’ » > ' . 

Other objectives and many of the attendant advantages 
of this invention will be readily appreciated as the same 
become better understood by reference to the following 
detailed description, including the ‘accompanying drawings 
in which: ' » 

FIGURE l is a fragmentary view, partially in cross 
section, of a section of a turbine rotor disk rim area show 
ing the external configuration of a typical cooled turbine 
rotor blade; and 
FIGURE 2 is a perspective view, partially in cross 

`section, of a turbine rotor blade featuring the improved 
cooling arrangement of the subject invention. 

Turning now to FIGURE 1, illustrated therein is a frag 
mentary section of a rotor wheel or disk 10 having an 
enlarged rim area 11 including an axial slot'12 adapted 
to receive an elongated shank turbine blade, indicated 
generally at 15, of the so-called “dual bucket” variety as 
shown and described in the patent to Davis et al. 
3,034,764-of common assignment. It should be under 
stood, however, that the present invention is not limited 
in use to this type of blade or airfoil but may equally be 
advantageous when embodied in other types of single or 
double-shanked blades or “buckets” It will be seen from 
the drawing that each section of the “dual bucket” or 
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blade 15 includes a base or root portion 16, a body or air 
foil portion 17, and a tip portion 13. As seen Iin FIG 
URES -1 and V2, a plurality of longitudinally-extending 
passages 20 are formed in the substantially solid airfoil 
or body portion of the blades, the passages preferably 
having openings 21 (except as described hereinbelow) at 
the tip portion for discharge of cooling fluid (gaseous). 

Referring specifically now to FIGURE 2, the details 
of the one described embodiment of the invention should 
become more apparent. As shown therein, each of the 
“mirror-image” blade bases 16 is hollowed out to form 
generally rectangular blade root cavity 24 having oppos 
ing end Walls 2§25 into which a cooling fluid, in this 
instance air, is introduced through suitable means, such 
as, for example, a passage 2rd at the radially innermost end 
of the cavity or blade root and in the rotor wheel con` 
nected 'to a source of air (not shown). Some of the air 
(small arrows) which is discharged into the blade base or 
root cavity passes through slots 23 formed between longi 
tudinally-extending rectangular ribs 3d cast or otherwise 
formed in the Walls of the cavity. These slots may also 
be formed by corrugated inserts or other means known 
in the art, and may comprise more than the number illus 
trated. >In any event, this air passes directly into the body 
or airfoil portion through vopenings 32 at the inner ends 
of the plurality of longitudinal passages 2li which extend 
inwardly to connect with the cavity. The remainder of 
theair introduced to the cavity is directed to elongated 
slots 34 located adjacent opposing end walls 25 of the 
shank cavity 24 viewed axially'with respect to the rotor 
disk. Each slot or passage 34, which may comprise more 
than the one shown, is also open to the root cavity 24 at 
its radially outer ends at v.35. This arrangement ̀is provided 
in order thatpthe air passing through slots 34 may eventu 
ally also pass through the openings 32 tot aid in convec 
tion cooling of the center portion of the blade body. 
Vv'hile passing through each of the slots 34, however, the 
air contacts a vessel or tube, one of which is shown in 
stalled at 36. These tubes or vessels are configured in 
zig-zag, spiral or otherwise sinuous form to present a 

. larger surface area than would be the case if the tubesV 
extended in a straight line from one end of each slot 34 
to the other. Each tube 36 is sealed at 37, at its inner end, 
>the other end 33 being left open but in sealing engage 
ment-by being brazed or welded-«with openings dil and 
41l leading, respectively, to enlarged longitudinally-ex 
tending passageways 42 and 44 in the leading and trailing 
edges, also respectively, of the blade airfoil or body por 
tion 17. 

ì Originally passageways 42 and 44 also lead to openings 
in the tip portieri> lâ, similar to openings 21. However, in 
assembling the blade elements described herein, after the 
tubes have been placed in the blade root cavity and sealed 
to the openings 4d and 41, yair is evacuated from the pas 
sageways (and tubes) and an alkaline metal, such as, for 
example, sodium or potassium, is then inserted and the 

> _ outer openings plugg'ed„as shown at 45 and 46. In addi 
tion, the tubes are secured, by welding or brazing, at 
notches 48 1n the rib edges, to provide both accurate posi 

' tioning and the support necessary to counteract the effects 
Vof centrifugal force during operation of the turbomachine. 
It should be understood, however, that, alternatively, the 
tubes may be cast or otherwise integrally formed with the 
vbladeniaterial comprising the ribs and the root cavity 
walls. In anyk event, the tubes and the cavity ribs provide 
heat exchange or condenser means to aid in cooling the 
blade airfoil or body portion as hereinnow described. 
The alkaline metal, whether it be sodium or potassium, 

is selected to match the desired temperatures of the blade 
metal and the, air V(gas) coolant temperature> during nor 

. mal (e.g., cruise) operating conditions. Therefore, in ad 
dition to the convection circuit cooling provided by the 
air passing through-the slots 28 in the root cavity, and 
into the longitudinal passages 2li in the body, the metal 
coolant is also capable of convective circulation since it 
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d. 
will become liquid at the operating temperature levels. 
Centrifugal force will also infiuence movement of the 
liquid coolant since as the liquid metal is forced toward 
the outer ends of the passages 42 and d4, it will become 
subjected to the heat of the combustible gas stream pass 
ing through the gas turbine. By reason of the liquid wet 
ting the passage walls transfer of heat to the liquid occurs 
by conduction and the liquid is at least partially vaporized. 
The vapor, being lighter than the liquid, is forced inwardly 
because (l) it is less subject to the influence of centrifugal 
force than the liquid and (2) the liquid tends to displace 
it in the outer portion of the passageway'. In the disclosed 
arrangement the air, which is sufficient to cool the middle 
portion of the blade body or air-foil portion, is also avail 
able to remove some of the heat of the vapor-by con 
duction through the zig-zag tube walls-to cause the metal 
to again become liquid and continue the cooling cycle. 
Thus, contrary to previous practice, the invention makes 
possible a higher effectiveness in cooling the leading and 
trailing edges-the hot spots~while utilizing an estab 
lished method of cooling the lower temperature central 
portion of the blade body, by uniquely combining the 
liquid (metal) and gaseous (air) coolant properties in a 
heat exchanger configuration wherein a large amount, 
eg., 25% or more, of the available convection (gas) 
coolant is also utilized as a heat sink for the liquid 
coolant. 

lt will therefore be realized that the invention provides 
what is lacking in the previously taught cooling arrange 
ments, namely a heat sink or exchanger having substan 
tially the same provisions for heat removal as the heat 
source, e.g., area, temperature difference, and coefiicient 
of heat transfer. In other words, the condenser means, 
i.e., the tubes and slots (ribs Sil) in the cavity Zai, have an 
area roughly equivalent to that of the airfoil surface and 
the external or convective coolant is of low temperature 
and high velocity to promote a higher heat transfer rate 
than would be possible with use of the liquid (metal) 
coolant alone. lt is also important to note that contrary 
to devices wherein the entire airfoil is cooled by the liquid 
vapor (metal) coolant, the present invention utilizes the 
liquid metal (sodium, for example) to cool only the lead 
ing and trailing edges of the airfoil-a much more eflicient 
and effective method. While the described embodiment 
shows the condenser cooling air being used as an addi 
tional o_r auxiliary coolant to cool the airfoil center sec 
tion, it should be pointed out that for extremely high tem 
perature applications this air may be discharged into the 
main gas stream and additional unheated air introduced 
into the passages 20 through slots 23 directly. 

Other embodiments and modifications of the described 
invention as are within the scope of the invention and capa 
ble of being practiced using the skill of the art are intended 
to be covered by the appended claims. 
What l claim as new and novel is: 
1. In a rotor blade for a hot gas turbomachine: 
an airfoil portion having leading and trailing edges and 

a tip portion; 
a blade root portion having a cavity substantially en 

closed thereby, said cavity having an opening therein 
for the supply of a first heat exchange medium there 
to; 

a first plurality of passages in said airfoil portion in 
liow communication with said cavity; 

a second plurality of passages located in said leading 
and trailing edges of said airfoil portion; 

and heat exchanger means in said cavity, said heat ex 
changer means containing a second heat exchange 
medium in flow communication with said second plu 
rality of passages, wherein at least a portion of said 
first heat exchange medium is in a heat exchange re 
lationship with said second heat exchange medium 
during passage of said first medium through said cav 
ity and into said first plurality of passages. 

2. A rotor blade as claimed in claim l and wherein 
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said heat exchanger means includes íiuid tight vessels and 
supporting Wall means therefor, said vessels containing 
said second heat exchange medium. 

3. A rotor blade as claimed in claim 2 and wherein 
said vessels comprise a plurality cf tubes sinuous througfn 
out the length of said cavity and in sealing engagement 
with enlarged passages or" said second plurality, and said 
Wall means include ribs supporting said tubes and direct 
ing the passage of said first heat exchange medium over 
said sinuous tribes. 

4. A rotor blade as claimed in claim 1 and wherein 
the surface area of said heat exchanger means in said 
cavity is substantially equal to the surface area of said 
airfoil portion cooîed by said ñrst and second heat ex 
change medium, respectively. 

5. A rotor blade as claimed in claim l and Wnerein 
15 

5 
said first heat exchange medium is in the form of a gas 
and said second heat exchange medium is an Valkaline 
metal selected to liquify at the normal turbomachine oper 
ating temperature. 
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